organic compounds 



Acta Crystallographica Section E 

Structure Reports 
Online 

ISSN 1600-5368 

2-(Furan-2-yl)-1,3-bis(furan-2-ylmethyl)- 
1H-benzimidazol-3-ium chloride mono- 
hydrate 

David K. Geiger,* H. Cristina Geiger and Jared M. Deck 

Department of Chemistry, State University of New York-College at Geneseo, 
1 College Circle, Geneseo, NY 14454, USA 
Correspondence e-mail: geiger@geneseo.edu 

Received 22 August 2012; accepted 21 September 2012 

Key indicators: single-crystal X-ray study; T = 200 K; mean tr(C-C) = 0.004 A; 
disorder in main residue; R factor = 0.045; wR factor = 0.129; data-to-parameter 
ratio = 12.6. 



The title hydrated salt, C 2 iH 17 N 2 03 + Cr H 2 0, exhibits 
disorder in one of the furan rings. The major and minor 
components have a refined occupancy ratio of 
0.844 (19):0.156 (19). The structure displays intermolecular 
hydrogen bonding involving the water molecule and the 
chloride anion. Close intermolecular C— H- ■ CI and C— 
H- ■ -(furan ring) interactions complete the hydrogen bonding. 

Related literature 

For examples of the synthesis of substituted benzimidazolium 
salts, see: Wang & Chang (2006); Hoesl et al. (2004); Rivas et 
al. (2001, 2002). For examples of structures of other tris- 
ubstituted benzimidazolium salts, see: Ennajih et al. (2009, 
2010); Akkurt et al. (2008, 2004); Smith & Luss (1975). For the 
structure of l,3-bis(furan-2-ylmethyl)-l//-benzo[d]imidazol-3- 
ium chloride, see: Akkurt et al. (2009). For other related 
literature, see: Costache et al. (2007); Elmali et al. (2005); 
Hayakawa et al. (1996); Horton et al. (2003); Nahle et al. 
(2012); Welton (1999). 
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Experimental 

Crystal data 

C 2 iH 17 N 2 0 3 + -Cr-H 2 0 
M, = 398.83 
Triclinic, PI 
a = 9.4723 (12) A 
b = 9.9129 (14) A 
c = 11.2779 (16) A 
a = 97.980 (5)° 
P = 110.359 (4)° 

Data collection 

Bruker SMART X2S benchtop 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2009) 
7mi„ = 0.91, r max = 0.98 

Refinement 

R[F 2 > 2a(F 2 )] = 0.045 

wR(F 2 ) = 0.129 

S = 1.05 

3419 reflections 

272 parameters 

10 restraints 



Table 1 

Hydrogen-bond geometry (A, °). 



y = 93.547 (4)° 
V = 976.3 (2) A 3 
Z = 2 

Mo Ka radiation 
jtt = 0.23 mm -1 
T = 200 K 

0.30 x 0.07 x 0.07 mm 



9477 measured reflections 
3419 independent reflections 
2732 reflections with 1 > 2a(l) 
R in , = 0.036 



H atoms treated by a mixture of 
independent and constrained 
refinement 

A/w = 0.62 e A~ 3 

APmi,, = -0.21 e A~ 3 



D-H-A 


D—H 


H- ■ A 


D--A 


D-H-A 


OW-H02- ■ Cll 


0.85 (1) 


2.35 (1) 


3.189 (2) 


174 (5) 


OW-HOl-CU' 


0.84 (1) 


2.34 (1) 


3.183 (2) 


176 (4) 


C9-H9-03 


0.95 


2.49 


3.278 (7) 


141 


C12— H12A- ■ -Cll" 


0.99 


2.77 


3.694 (2) 


155 


C12-H12B-01 


0.99 


2.39 


3.098 (6) 


127 


C17-H17B-C11 


0.99 


2.61 


3.594 (2) 


176 


C21-H21-OW" 1 


0.95 


2.29 


3.168 (4) 


153 


C15-H15-03 iv 


0.95 


2.62 


3.436 (3) 


143 


C15-H15---C18 iv 


0.95 


2.85 


3.788 (4) 


170 


C15-H15-C21'" 


0.95 


2.87 


3.498 (4) 


124 


Symmetry codes: (i) 


-X+1.-V + 2, -z 


f l; 00 -x 


-y + l,-Z + l; (iii 


A',y,z + 1; 



(iv)- 



-V+1.-Z + 2. 



Data collection: APEX2 (Bruker, 2010); cell refinement: SAINT 
(Bruker, 2009); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
XSHELL (Bruker, 2004) and Mercury (Macrae et al, 2008); software 
used to prepare material for publication: publCIF (Westrip, 2010). 

This work was supported by a Congressionally directed 
grant from the US Department of Education (grant No. 
P116Z100020) for the X-ray diffractometer and a grant from 
the Geneseo Foundation. 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: GG2097). 
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2-(Furan-2-yl)-1 ,3-bis(furan-2-ylmethyl)-1 H-benzimidazol-3-ium chloride 
monohydrate 

David K. Geiger, H. Cristina Geiger and Jared M. Deck 
Comment 

Benzimidazolium salts have uses as room-temperature ionic liquids (Welton, 1999), surfactants (Costache et al, 2007), 
inhibitors of corrosion (Nahle et al, 2012), anti-tumor (Elmali et al, 2005) and other pharmacological agents (Horton et 
al, 2003) and in nucleotide synthesis (Hayakawa et al, 1996). 

A perspective view of the benzimidazolium cation of the title compound is shown in Figure 1 . The benzimidazole 
moiety is planar with the largest deviation being 0.01 1 (1) A (Nl). The furan rings are also planar with the largest 
deviations being 0.004 (3) A (Cll, major contributor to the disorder structure), 0.034 (13) A (01', minor contributor to 
the disordered structure), 0.011 (1) A (C16), and 0.003 (2) A(C20). The major component of the disordered 2-furan 
substituent is canted 45.1 (2)° from the mean plane of the benzimidazole ring system and the two components of the 
disordered furan form an angle of 22.0 (2)°. The two 2-furanylmethyl rings are on the same side of the benzimidazole 
with an angle of 82.79 (10)° between them. 

Figure 2 shows the unit cell of the title compound. The hydrogen-bonding network involving the chloride anion and 
water are displayed. In addition to the O — H— CI hydrogen bonding network, weak C — H— CI interactions are observed. 
The H12A-C11 distance is 2.77 A with C12-C11 = 3.627 (2) A. Also, there is a weak C— H-aromatic interaction 
involving H15 and the furan ring containing 03. The closest approach is with 03 with H15— 03 = 2.63 A. H15 is 
2.602 (3) A from the furan mean plane. These interactions result in chains of molecules parallel to the (0 0 1) plane as 
shown in Figure 3. 

Experimental 

A single-crystal of the title compound was obtained during the attempted crystallization of 2-(2-furanyl)-l-(furan- 
ylmethyl)-l//-benzimidazole prepared via the aluminium trichloride catalyzed reaction of 1,2-diaminobenzene and 
furan-2-carbaldehyde in refluxing dichloromethane. The product was isolated by column chromatography on silica gel 
using an eluant that varied from 1:2 ethylacetate:hexanes to pure ethyl acetate. 

The crystal used for the diffraction study was obtained by vapor diffusion of heptane into a methanol solution of the 
chromatographed product. Based on 'H NMR spectroscopy, the title compound makes up less than 5% of the bulk 
product. 

Refinement 

All hydrogen atoms were observed in difference fourier maps. The H atoms were refined using a riding model with a C — 
H distance of 0.99 A for the methylene carbon atoms and 0.95 A for the phenyl and furan carbon atoms. All C — H 
hydrogen atom thermal parameters were set using the approximation U lso = l.2U eq . 
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The water oxygen atom was refined anisotropically. During the course of the refinement, SHELXL suggested that the 
oxygen atom of the water could be split into two atoms. However, attempts to refine the water assuming disorder result in 
no improvement in the GOF or the R values. The O — H distances were contrained to -0.84 A using DFIX and the H — O 
— H angles were restrained to -104° using a DANG value of 1.34 A between corresponding H atoms. The O — H 
hydrogen atom thermal parameters were set using the approximation t/ iso = l.2U eq . 

During the later stages of refinement, elongated thermal ellipsoids were noted for one of the furan rings. A disorder 
model was developed in which the minor component of the furan ring was modeled using the metrics of the major 
components as a guide. The pivot atom (C8) was assumed to have full occupancy and so was not included in the disorder 
model. The minor four-atom components (01', C9', CIO' and Cll') were constrained to planarity using FLAT. 
Corresponding bond distances of the minor component and major component were set equal using SADI and 
corresponding thermal parameters were held the same using EADP. All atoms were refined anisotropically with hydrogen 
atoms in calculated positions using a riding model. With these constraints, the site occupancy of the major component 
refined to 0.84 (2). Based on this model, the angle between the mean planes of the major and minor components of the 
disordered furan ring is 22.(2)°. 

Improvement in the usual indicators occurred with the introduction of the disorder model. The S improved from 1.06 to 
1.04. The R decreased from 0.046 to 0.045 and wR decreased from 0.132 to 0.129. However, an unusually large residual 
peak (0.61 e"/A 3 ) that is 1.00 A from a hydrogen atom exists. The hydrogen atom in question (H12A) is involved in a 
close interaction with the chloride ion (2.78 A). The next largest residual peak is 0.37 e /A 3 and it is located 1.29 A from 
H15, which is involved in a weak C — H-aromatic ring hydrogen bonding interaction (the closest approach is to 03 at 
2.63 A). 

Computing details 

Data collection: APEX2 (Bruker, 2010); cell refinement: SAINT (Bruker, 2009); data reduction: SAINT (Bruker, 2009); 
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: SHELXL97 
(Sheldrick, 2008); molecular graphics: XSHELL (Bruker, 2004) and Mercury (Macrae et al, 2008); software used to 
prepare material for publication: publCIF (Westrip, 2010). 
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Figure 1 

Perspective view of the benzimidazolium ion showing the atom labeling scheme. Displacement ellipsoids of non- 
hydrogen atoms are drawn at the 25% probability level. Only the major contributor to the disordered furan ring is shown. 
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Figure 3 

Close intermolecular C — H— CI and C — //•■■O(furan) interactions resulting in a chain structure. 
2-(Furan-2-yl)-1 ,3-bis(furan-2-ylmethyl)-1 H-benzimidazol-3-ium chloride monohydrate 

Crystal data 

C 2 iHi 7 N203 + -Cr-H 2 0 p = 110.359 (4)° 

M,. = 398.83_ y = 93.547 (4)° 

Triclinic, PI V= 976.3 (2) A 3 

a = 9.4723 (12) A Z=2 

b = 9.9129 (14) A F(000) = 416 

c= 11.2779 (16) A D x = 1.357 Mgm- 3 

a = 97.980 (5)° Mo Ka radiation, 1 = 0.71073 A 
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Cell parameters from 3551 reflections 
9= 2.4-24.8° 
(i = 0.23 mrrr 1 

Data collection 

Broker SMART X2S benchtop 

diffractometer 
Radiation source: XOS X-beam microfocus 

source, Bruker SMART X2S benchtop 
Doubly curved silicon crystal monochromator 
Detector resolution: 8.3330 pixels mm" 1 
m scans 

Absorption correction: multi-scan 
(SADABS; Bruker, 2009) 

Refinement 

Refinement on F 2 

Least-squares matrix: full 

RiF 1 > 2<t(^ 2 )] = 0.045 

wRiF 2 )^ 0.129 

S = 1.05 

3419 reflections 

272 parameters 

10 restraints 

Primary atom site location: structure-invariant 
direct methods 



r=200K 

Needle, clear colourless 
0.30 x 0.07 x 0.07 mm 



T mm = 0.91, r max = 0.98 
9477 measured reflections 
3419 independent reflections 
2732 reflections with / > 2a(I) 
R ml = 0.036 

@max 25.2 , 0mm 2.0 

/* = -ll-»ll 
£ = -11^11 
/ = -13-^13 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H atoms treated by a mixture of independent 

and constrained refinement 
w = l/[ci 2 (F 0 2 ) + (0.0633P) 2 + 0.4042P] 

where P = (F 2 + 2F 2 )/3 
(A/(7) max < 0.001 
Ap max = 0.62 e A~ 3 
A/w = -0.21 e A" 3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of F 1 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , 
conventional ^-factors R are based on F, with F set to zero for negative F 2 . The threshold expression ofF 2 > a{F 2 ) is used 
only for calculating .K-factors(gt) etc. and is not relevant to the choice of reflections for refinement, ^-factors based on F 2 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 
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H21 


0.4882 


0.884 


1.1789 


0.078* 




03 


0.3639 (2) 


0.86463 (18) 


0.98518 (16) 


0.0523 (5) 




Atomic displacement parameters (A 2 ) 




U n 


IP LP 3 


JJ12 




IP 


Cll 


0.0399 (4) 


0.0385 (3) 0.0571 (4) 


0.0009 (2) 


0.0175 (3) 


0.0011 (3) 


ow 


0.197 (3) 


0.0528 (13) 0.0828 (16) 


0.0360 (17) 


0.0950(18) 


0.0222 (12) 


CI 


0.0345 (12) 


0.0383 (12) 0.0231 (10) 


0.0040 (9) 


0.0104 (9) 


0.0074 (8) 


C2 


0.0344(12) 


0.0379 (12) 0.0215 (9) 


0.0063 (9) 


0.0091 (8) 


0.0084 (8) 
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a a/i aa / 1 ia 
0.0400 (1 3 J 


A AI Q1 /1 OA 

0.0351 (lz) 


A AOOA /1 1 A 

O.OZyO (11) 


A AA 11 /1 AA 

0.0011 (10) 


A AAAC /OA 

O.OOVj (y) 


A AA*7C /OA 

0.00/3 (y) 


(~* A 

C4 


A AAA 1 / 1 AA 

0.0601 (16) 


A AI CO / 1 OA 

0.033Z (lz) 


A AI A C / 1 OA 

0.0343 (lz) 


A AAAC / 1 1 A 
0.00^3 (11) 


AA1CC /11A 

0.0133 (11) 


A AAC C / 1 AA 

0.0033 (10) 


C3 


A A/ITO" /I c\ 

0.04/ / (1 3) 


A AC AO /I f \ 

0.030s (13) 


A A1AT /1 IA 

0.03V/ (13) 


A A 1 AO /1 OA 

0.01V5 (lz) 


A A1 T1 /1 1 A 
0.01 15 (11) 


A AAOA /1 1 A 
0.0056 (11) 


Co 


a ai aa / 1 oa 
0.0360 (lz) 


A A/1 0,1 /1 /I A 

0.04y4 (14) 


A /I OA 

0.0363 (lz) 


A AAOO /1 1 A 

0.00y5 (11) 


A A1/1C /1AA 

0.0143 (10) 


A AAOA /1 AA 

0.0056 (10) 


XT1 

JN 1 


a aot/i /oa 
O.Oz /4 (y) 


a ni ci /1 a a 
0.0333 (10) 


A AOT1 /OA 

O.OZ / 1 (y) 


A AAOC /OA 
0.00Z3 (5) 


A AAOO /TA 

0.005z (/) 


A AAAT /*7A 

0.006 / ( /) 


C / 


A AIOA /1 1 \ 

0.03z6 (11) 


A AI "71 /n\ 

0.03 /3 (lz) 


A AO 11 / 1 AA 

0.0z33 (10) 


A AAO 1 /AA 

0.00Z1 (V) 


A AA A 1 /OA 

O.OOvl (5) 


A AA*7C /OA 
0.00/3 (5) 


XTO 

JNz 


A AOflC /I A A 

0.0zy3 (10) 


A AI AA / 1 A A 

0.0366 (10) 


A AOAA /AA 
O.OZ^O (V) 


A AA 1 A /OA 

o.ooiy (5) 


A A 1 1 A /TA 

0.0110 (/) 


A AAAT fH\ 

0.006/ (/) 


to 


a ai ca /1 oa 
0.03 jo (lz) 


A A/l A1 / 1 IA 

0.0401 (13) 


A A1 A^7 /1 OA 

0.036/ (lz) 


a aa/;t /1 a\ 
0.006/ (10) 


A A 1 1 £ / 1 A\ 

0.0136 (10) 


A AAOA /1 AA 

0.0050 (10) 




A A/1 1 /1A 

0.041 (3 ) 


A A/1 C 1 /1 CA 
0.043 1 (1 3) 


A ACAO /1 AA 

O.OjOz (16) 


A AA1 1 /1 0\ 

— 0.0033 (lo) 


A A 1 1 O / 1 

0.0115 (16) 


A AAOI /1 OA 

— 0.00Z3 (lz) 


CIO 


a mc /i \ 
0.0/3 (3) 


A AI 1 /I A 

0.033 (3) 


A AT 1 /I A 

0.0 / 1 (3) 


A AAOjC /1 OA 

0.0056 (15) 


A AIO /OA 

0.03z (z) 


A AAO /OA 

O.OOz (z) 


Cll 


A ATO /OA 
0.0/2 (2) 


A AC C /OA 

0.033 (z) 


A A*70 //1A 
0.0 /5 (4) 


A A1 n /OA 

0.03 / (z) 


A AOA /OA 

O.OzO (z) 


A A 1 O /OA 
0.01Z (Z) 


Ol 


A AC 1 O / 1 A\ 

0.033Z (14) 


A ACA /OA 

o.o^y (z) 


A f\£.H /OA 

0.06 / (z) 


A AO 1 A / 1 A A 

O.OzlO (14) 


A AAA/: / 1 1 A 

—0.0006 (13) 


A A A 1/1 / 1 AA 

—0.0014 (16) 




A A/1 1 /1A 

0.041 (3) 


A A/1 C 1 /1 CA 

0.04M (13) 


a acao /1 
0.030Z (16) 


A AA11 / 1 0\ 

—0.0033 (15) 


A A1 1 O / 1 £.\ 

O.Ollo (16) 


A AAOI /1 OA 

— 0.00z3 (lz) 


CIO 


a /ia 
0.0 / j (3 ) 


A All /IA 

0.033 (3) 


A A*71 /1\ 

0.0 /l (3) 


A AAO/; /1 OA 

0.0056 (15) 


A AIO /0\ 

0.03z (z) 


A AAO /OA 

O.OOz (z) 


Oil 


A AT") /OA 

0.0/2 (z) 


A ACC /Tv 

0.033 (Z) 


A A*70 //1A 
0.0/5 (4) 


A AIT /OA 

0.03 / (Z) 


A AOA /OA 

O.OzO (z) 


A A 1 O /OA 

O.Olz (z) 


Ul 


A AC1 O / 1 /I \ 

0.033Z (14) 


A ACA /OA 

0.03V (z) 


A A/CT /OA 

0.06 / (z) 


A AO 1 A / 1 /I A 

O.OzlO (14) 


A AAA/: / 1 1 A 

—0.0006 (13) 


A AA 1/1 / 1 AA 

—0.0014 (16) 


tlz 


A A1 11/1 oa 

0.0333 (lz) 


A A/1 CO /1 IA 

0.043Z (13) 


A A1*70 /1 OA 

0.03 /V (lz) 


A AA/1 C /1 A\ 

0.0043 (10) 


A A 1 1 O /1 AA 

o.oi iv (io) 


A AAO/1 /1 AA 

0.0054 (10) 


C13 


A AT 1 O ( 1 OA 

0.0335 (lz) 


A A/1 1 A /1 1 A 

0.0430 (13) 


A A1 /I O /1 OA 

0.034z (lz) 


A AA1 O /1 AA 
0.0035 (10) 


A A1 A 1 /AA 

0.0101 yy) 


A AA/1 1/1 AA 

0.0043 (10) 


C14 


a aa io n n\ 
0.0615 (1 /) 


A AC 1 O / 1 AA 

O.OMz (16) 


AA/IO/I /1/IA 

0.04z4 (14) 


A AAA 1 /1 1 A 

— o.ooyi (13) 


AA1A1 /10A 

o.oiyi (IZ) 


A AA1A / 1 OA 

0.00 ly (lz) 


CI J 


A A01 /OA 

0.053 (z) 


A A/; 10 / 1 OA 

0.0615 (15) 


A A/1 T7 /1 CA 
0.04 / / (13) 


A A1 A1 /1 A\ 

—0.0101 (16) 


A AOA 1 /1 CA 
0.0261 (13) 


A A1 TC /1 /I A 

0.01 Id (14) 


C16 


A / 1 OA 
0.0 /Z / (IV) 


A AA1 /I /1 OA 

0.0634 (15) 


A AIO O /1 1 A 

0.0325 (13) 


A AA/1 C /1 C\ 

0.0043 (13) 


AA1C1 /10\ 

0.0133 (lz) 


A A1 OA /1 OA 

0.0126 (lz) 


Oz 


A ACO A /1 1 A 

o.ojzy (ii) 


A AC 1 A /1 AA 

0.0316 (10) 


A A1A1 /AA 

0.03V3 yy) 


A AAOA /OA 

-O.OOzV (5) 


A A 1 1 A /OA 
0.0134 (5) 


A AAOI /OA 

0.0053 (5) 


n 7 


0 fn69 /'I ^ 

U.UjOZ ^1 J J 


U.UjOO I l Jl 




—0 0096 n 0^ 

(J.WWZU ^lUj 


0 01 76 (\ (Yi 

U.ul / O ^ 1 WJ 


0 00RQ n 0^ 


C18 


0.0373 (13) 


0.0388 (13) 


0.0461 (13) 


-0.0051 (10) 


0.0116(11) 


0.0044 (10) 


C19 


0.0443 (16) 


0.072 (2) 


0.071 (2) 


0.0068 (14) 


0.0087 (14) 


0.0062 (16) 


C20 


0.0531 (19) 


0.074 (2) 


0.075 (2) 


-0.0040(17) 


-0.0146(16) 


0.0171 (17) 


C21 


0.070 (2) 


0.0564(18) 


0.0466(16) 


-0.0170(16) 


-0.0038 (14) 


0.0111 (13) 


03 


0.0532 (11) 


0.0541 (11) 


0.0432 (10) 


-0.0020 (9) 


0.0109 (8) 


0.0085 (8) 



Geometric parameters (A, ") 



OW— HOI 


0.844 (10) 


C9'— CIO' 


1.432 (18) 


OW— H02 


0.847 (10) 


C9'— H9' 


0.95 


CI— C2 


1.391 (3) 


CIO'— Cll' 


1.297(19) 


CI— N2 


1.397 (3) 


CIO'— HI 0' 


0.95 


CI— C6 


1.397 (3) 


cir— or 


1.388 (17) 


C2— C3 


1.395 (3) 


cir— Hir 


0.95 


C2— Nl 


1.398 (3) 


C12— C13 


1.489 (3) 


C3— C4 


1.384 (3) 


C12— H12A 


0.99 


C3— H3 


0.95 


C12— H12B 


0.99 


C4— C5 


1.410(4) 


C13— C14 


1.345 (3) 


C4— H4 


0.95 


CI 3— 02 


1.383 (3) 


C5— C6 


1.373 (3) 


C14— C15 


1.429 (4) 


C5— H5 


0.95 


C14— H14 


0.95 


C6— H6 


0.95 


C15— C16 


1.338 (4) 


Nl— C7 


1.347 (3) 


C15— H15 


0.95 


Nl— C12 


1.483 (3) 


CI 6— 02 


1.365 (3) 


C7— N2 


1.352 (3) 


C16— H16 


0.95 


C7— C8 


1.449 (3) 


C17— C18 


1.486 (3) 


N2— C17 


1.482 (3) 


C17— H17A 


0.99 
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C8— 01' 


1.341 (15) 


C17— H17B 


0.99 


C8— C9 


1.357 (4) 


C18— C19 


1.333 (4) 


C8— C9' 


1.358 (18) 


CI 8— 03 


1.373 (3) 


C8— 01 


1.366 (4) 


CI 9— C20 


1.439 (5) 


C9— CIO 


1.444 (5) 


C19— H19 


0.95 


C9— H9 


0.95 


C20— C21 


1.322 (5) 


CIO— Cll 


1.290 (5) 


C20— H20 


0.95 


CIO— H10 


0.95 


C21— 03 


1.369 (3) 


Cll— 01 


1.371 (4) 


C21— H21 


0.95 


Cll— Hll 


0.95 






HOI— OW— H02 


103 (2) 


C8— C9'— H9' 


130.8 


C2— CI— N2 


106.81 (18) 


CIO'— C9'— H9' 


130.8 


C2— CI— C6 


121.7 (2) 


Cll'— CIO'— C9' 


109(4) 


N2— CI— C6 


131.4 (2) 


Cll'— CIO'— H10' 


125.5 


CI— C2— C3 


122.2 (2) 


C9'— CIO'— H10' 


125.5 


CI— C2— Nl 


106.73 (18) 


cio'— cir— or 


114 (3) 


C3— C2— Nl 


131.0 (2) 


cio'— cir— Hir 


122.8 


C4— C3— C2 


115.7 (2) 


or— cir— mi' 


122.8 


C4— C3— H3 


122.1 


C8— or— cir 


97.6 (17) 


C2— C3— H3 


122.1 


Nl— C12— C13 


110.44(17) 


C3— C4— C5 


122.0 (2) 


Nl— C12— H12A 


109.6 


C3— C4— H4 


119.0 


C13— C12— H12A 


109.6 


C5— C4— H4 


119.0 


Nl— C12— H12B 


109.6 


C6— C5— C4 


122.0 (2) 


C13— C12— H12B 


109.6 


C6— C5— H5 


119.0 


H12A— C12— H12B 


108.1 


C4— C5— H5 


119.0 


CI 4— CI 3— 02 


110.3 (2) 


C5— C6— CI 


116.3 (2) 


C14— C13— C12 


133.2 (2) 


C5— C6— H6 


121.8 


02— CI 3— C 12 


116.5 (2) 


CI— C6— H6 


121.8 


C13— C14— C15 


106.2 (2) 


CI— Nl— C2 


108.79 (17) 


C13— C14— H14 


126.9 


C7— Nl— C12 


126.83 (18) 


C15— C14— H14 


126.9 


C2— Nl— C12 


123.78 (18) 


C16— C15— C14 


106.9(2) 


Nl— C7— N2 


109.02 (18) 


C16— C15— H15 


126.6 


Nl— C7— C8 


125.66 (19) 


C14— C15— H15 


126.6 


N2— C7— C8 


125.32 (19) 


CI 5— CI 6— 02 


110.8 (2) 


C7— N2— CI 


108.65 (17) 


CI 5— CI 6— HI 6 


124.6 


C7— N2— C17 


127.40 (18) 


02— CI 6— HI 6 


124.6 


CI— N2— C17 


123.92 (18) 


CI 6— 02— CI 3 


105.8 (2) 


01'— C8— C9 


109.7(10) 


N2— CI 7— CI 8 


111.56(18) 


01'— C8— C9' 


120 (2) 


N2— CI 7— H17A 


109.3 


C9— C8— 01 


109.0 (4) 


C18— C17— H17A 


109.3 


C9'— C8— 01 


116(2) 


N2— CI 7— H17B 


109.3 


01'— C8— C7 


112.0(9) 


C18— C17— H17B 


109.3 


C9— C8— C7 


133.6 (4) 


H17A— CI 7— H17B 


108.0 


C9'— C8— C7 


126 (2) 


CI 9— CI 8— 03 


109.8 (2) 


01— C8— C7 


117.5(2) 


C19— C18— C17 


133.6(3) 


C8— C9— CIO 


105.8 (5) 


03— CI 8— C 17 


116.7(2) 


C8— C9— H9 


127.1 


CI 8— CI 9— C20 


106.6 (3) 
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CIO— C9— H9 
Cll— CIO— C9 
Cll— CIO— HIO 
C9— CIO— HIO 
CIO— Cll— 01 
CIO— Cll— Hll 
01— Cll— Hll 
C8— 01— Cll 
C8— C9'— CIO' 

N2— CI— C2— C3 
C6— CI— C2— C3 
N2— CI— C2— Nl 
C6— CI— C2— Nl 
CI— C2— C3— C4 
Nl— C2— C3— C4 
C2— C3— C4— C5 
C3— C4— C5— C6 
C4— C5— C6— CI 
C2— CI— C6— C5 
N2— CI— C6— C5 
CI— C2— Nl— C7 
C3— C2— Nl— C7 
CI— C2— Nl— C12 
C3— C2— Nl— C12 
C2— Nl— C7— N2 
C12— Nl— C7— N2 
C2— Nl— C7— C8 
C12— Nl— C7— C8 
Nl— C7— N2— CI 
C8— C7— N2— CI 
Nl— C7— N2— C17 
C8— C7— N2— C17 
C2— CI— N2— C7 
C6— CI— N2— C7 
C2— CI— N2— C17 
C6— CI— N2— C17 
Nl— C7— C8— 01' 
N2— C7— C8— 01' 
Nl— C7— C8— C9 
N2— C7— C8— C9 
Nl— C7— C8— C9' 
N2— C7— C8— C9' 
Nl— C7— C8— 01 
N2— C7— C8— 01 
01'— C8— C9— CIO 
C9'— C8— C9— CIO 
01— C8— C9— CIO 
C7— C8— C9— CIO 



127.1 
107.3 (6) 
126.3 
126.3 

111.1 (5) 
124.5 
124.4 
106.8 (3) 
98 (3) 

179.89 (18) 
1.0(3) 
0.3 (2) 
-178.61 (18) 
-0.1(3) 
179.42 (19) 
-0.7 (3) 
0.7 (3) 
0.2 (3) 
-1.0(3) 
-179.6 (2) 
-0.6 (2) 

179.8 (2) 
-172.23 (17) 
8.2 (3) 

0.7 (2) 
172.00 (17) 
-179.78 (18) 
-8.5 (3) 
-0.5 (2) 
179.96(18) 
177.42 (17) 
-2.1 (3) 
0.1 (2) 

178.9 (2) 
-177.90 (17) 
0.9 (3) 
-17.5 (16) 
161.9(15) 
134.8(4) 
-45.8 (5) 
147 (2) 

-34 (2) 
-44.2 (5) 

135.2 (5) 
-26.4 (14) 
127(10) 
-0.1 (4) 
-179.1 (4) 



C18— C19— H19 
C20— CI 9— H19 
C21— C20— C19 
C21— C20— H20 
CI 9— C20— H20 
C20— C21— 03 
C20— C21— H21 
03— C21— H21 
C21— 03— CI 8 

C9— CIO— Cll— 01 
01'— C8— 01— Cll 
C9— C8— 01— Cll 
C9'— C8— 01— Cll 
C7— C8— 01— Cll 
CIO— Cll— 01— C8 
01'— C8— C9'— CIO' 
C9— C8— C9'— CIO' 
Ol— C8— C9'— CIO' 
C7— C8— C9'— CIO' 
C8— C9'— CIO'— Cll' 

C9'— cio'— cir— or 
C9— C8— or— cir 
C9'— C8— or— cir 

01— C8— or— cir 
C7— C8— or— cir 
cio'— cir— or— cs 

C7— Nl— C12— C13 
C2— Nl— C12— C13 
Nl— C12— C13— C14 
Nl— CI 2— CI 3— 02 

02— CI 3— CI 4— CI 5 
C12— C13— C14— C15 
C13— C14— C15— C16 
CI 4— CI 5— CI 6— 02 
CI 5— CI 6— 02— C13 
CI 4— CI 3— 02— C16 
CI 2— CI 3— 02— C16 
C7— N2— CI 7— CI 8 
CI— N2— CI 7— C18 
N2— CI 7— CI 8— C19 
N2— CI 7— CI 8— 03 

03— CI 8— CI 9— C20 
CI 7— CI 8— CI 9— C20 
CI 8— CI 9— C20— C21 
C19— C20— C21— 03 
C20— C21— 03— CI 8 
CI 9— CI 8— 03— C21 
CI 7— CI 8— 03— C21 



126.7 
126.7 
106.7 (3) 
126.6 
126.6 

110.3 (3) 
124.9 
124.9 
106.7 (2) 

-0.7 (6) 
96 (2) 
-0.3 (4) 
-11 (2) 
178.9 (3) 
0.6 (5) 
-4(2) 
-33 (9) 
24 (2) 
-166.6(15) 
-1(2) 
5(3) 
12.4(16) 
6(2) 
-80 (2) 
171.4(13) 
-7 (3) 
-92.9 (2) 
77.2 (2) 
-124.4 (3) 
57.0(3) 
0.5 (3) 
-178.2 (3) 
-1.4 (3) 
1.8(4) 
-1.5 (3) 
0.6 (3) 
179.5 (2) 
105.0 (2) 
-77.4 (2) 

108.4 (3) 
-71.7(3) 
0.2 (3) 
-180.0(3) 
-0.4 (4) 
0.4 (4) 
-0.3 (3) 
0.1 (3) 
-179.8 (2) 
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C8— C9— CIO— Cll 


0.5 (5) 








Hydrogen-bond geometry (A, °) 


D — K—A 


D — H 


U—A 


D—A 


D — U-A 


OW— H02-C11 


0.85 (1) 


2.35(1) 


3.189 (2) 


174 (5) 


OW — HOI— Cll' 


0.84(1) 


2.34(1) 


3.183 (2) 


176 (4) 


C9— H9-03 


0.95 


2.49 


3.278 (7) 


141 


C12— H1Z4-C11 U 


0.99 


2.77 


3.694 (2) 


155 


C12— H125-01 


0.99 


2.39 


3.098 (6) 


127 


C17— H175-C11 


0.99 


2.61 


3.594 (2) 


176 


C21— H21-01P 1 


0.95 


2.29 


3.168 (4) 


153 


C15— H15-03™ 


0.95 


2.62 


3.436(3) 


143 


C15— H15-C18 iv 


0.95 


2.85 


3.788 (4) 


170 


C15— H15-C21™ 


0.95 


2.87 


3.498 (4) 


124 


Symmetry codes: (i) -x+ 1, -y+2, -z+1; (ii) 


-x, -y+ 1 , -z+ 1 ; (iii) x, y , z+ 1 ; (iv) -x, 


-y+l, -z+2. 







Acta Cryst. (2012). E68, o3006-o3007 



sup-10 



